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DOZR_INDICATING DEVICE

This invention relstes to a doss indicating device for o
dispensing device suitable for dlisp ing ai of
fluid or particulate aterisl entrained in an air streaa.

Matared dose inhalers are wsll known in pedicins for
trestesnt, or slleviation of the effects of respiratory

laints, for le asthna. Breath davices are
also known.

Aerosol Aispansers provided with doss comnting davices
are also known. Soua of these davi require inl
podification of the body part or housing of the dispenser to

the 8 or require additicnal containing
structurss. ¥P-0,197,11) provides a counter davice vhich is
sounted on top of ths dicpanser housing. US=¢,817,822
utilizes a linsar or rotary scale in & aep
caxpartpent ids to the di ing. EP-0,258,232
utilizes a vertically disposed nundbered vhesl which projects
opwardly of the doss petaring davice.

EP-0,269,496 descridbes a push buttonm actuator for

° counting on the neck of en aercsol dispenser, baving a stroke

counter comprising a counting ring with axially facing teeth
vhich are engaged by an sxislly inclined flexible blade on the
push buttan for actuating the aerosol valve.
GB-1,317,315; GB~1,390,484 and WO 92/0932¢ relata to
tor basic &i having an cpen anded housing in
vhich aeresol cans are slidably counted such that vhen the
cans are oarually deprassed, a dcse of pedicazent is relessed
froo the serusol and inbaled through 3 ocuthpiece at the
opposite end of the housing., However, the counters are
located beneath the cans and xust be engaged by the lower,
valve esds of the cans to cause the counters to index on each
Danual depression of the cans. Such arrangenants have the
Gigadvantages that nodification of tha housing geosetry is
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required at the critical sres of the bousing lowver end where
atonization taxes place, the counter is sccessible to &
patient and could lead to nisuse and its disposition could
result in the inhalation of foreign patter if breakage of
parts of the countar mechanism takes placs.

fTharefore, although ssversl dose counting dsvices have
bean proposed the prior ort devices ars subject to many

jcal aii

It is an object of this inventicn to provide an improved
dispenging device having actuating means, vhich may be bresath
actusted, capable of actuating a pressurized serosol container
or a dry powder drug delivery system, and a dose indicating
peans opersted in association with the actuating oeans, the
indicating peans boing relatively sirple and convenient in
structure ond capabls of being readily accomodatsd within the
digpenser housing vithout substantial oodification thereof as
wall as reducing the risks of incorrect actuation by a patient
and of inhalation of spall components wvhich could becons
separated fron ths sechaniss.

The invention provides a dispansing dsvics for use vith
a podicansnt delivery systen vhich can be actusted to daliver
aiscrete doses of padicanant, the dispensing dsvice cooprising
a boosing for recsiving the wedi delivery sy the
nousing having an inhalatioh nozsle ond & dose indicating
device comprising an smmlar or arcuste dose irdicating
1 4 in the housing vith » section of the
indicating elemant baing visible frea ocutsids the bousing, and
mmlwmbumhlemus.annpo!.cmnf
pedjcanent to index the indicating clement incresentally,
characterized in that actoating oeans are provided in the
bousing for acting on en end of a nedicanent dslivery systea
repots fron said nozzle, to cause dAlspensing of doses of
pedicanent; in that ths indicating element is located in ths
bousing sround a part sssociated vith the actuating osans end
in that the indaxing oDender £s carried by said part for
ocovepant in ane axial direction through the indicating elepent
on actostion of the nedicanent dalivery systes and in the
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oppoaite axial direction for resetting the actuating peans,
with the ingicating element being incrementslly indexed on
each poverent of the indexing pembar in said one direction
only.

Sajd actuating peans are preferably bresath-actuatsd on
inhalaticn through the nozzle.

The indicating olenent may have intsrnal teath which are
engaged by an indaxing cexber which is resiliently sounted on
the afcresaid part so that it can pove inwardly of ths testh

‘when it ooves in said opposita direction, being the testh and
the engsgenent portion of said indaxing cexber inclined with
respect to the axis of rotation of the indicating element.

Preferably there may be provided peans far restraining
said actuating neans, and nmeans to release sajd restraining
means. The relasge mezns are prefersbly breath actusted.

The actuaticn means may coxprise neans for applying a

1load ble of ing said drug delivery systenm.
Tho restraining msans may coaprise peaans for applying a
resisting p ic force cap of pr g actuation of

the actustion neans. The pneumatic resisting peans may be
provided by o gas, e.9. air, vhich is either held at a
positive pr g than pharic or a negative
R belov ic pricr to release. The relsass
peans vill act to return the pressurs to atmospheric or prior
equilibrice, thus allowing the full forco of ths preicsd to
act.

The peans for applying a resigting pneunatic forco may
corpriss an expandable gas tm.t chanber, ths releass neans

including valve peans vhich can Do opened to releass & .

negative pressure prevailing in said lov pressurs chanmber.

Although this device has been described in particular

relation to a system using air, it will be reslised that in a
. cloaed systes any suitable gas could be used.

A device ing to the i ion is particularly
suited for use with pressurized inhalation aerosols having
valves vhich can be actuated to dispense a dose of pedicanent.
However in other eabodiments, a device according to the
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cover cooperates with the lower end of at least ane depending
nenbar associates with the inner sleave such that, vhen the
cover is closed, the depending menber noves the inner sleeve
to resot the actuating means.

AR H of the i fon will now be described by
vay of exanple and with refarsncs to the accompanying
dravings, in which:-

Figure 1 is & disgramoatic sectional view through a
natered doss inhaler baving a doss indicating mechaniss in

with the i 4
rigures 2A, 2B and 2C are sectionsl details of the
intaler ing the diaphragn in the pr d Xed, and

states, respectively;

rigure 3 is a diagrammatic perspective viev of the dose
counting mechanim of Pigure 1; and

rigure 4 is a diagrarmatic perspective detail of parts ot
ths mechanisn of Pigure 3.

Referring to Figure 1, an inhslation device consists of
a pain body 400 which is ganerally cylindrical in cress
section, vith a mouthpiece ssction 403 at ons end and an end
cap section 407 housing air inlets 419 at the other end., A
known typs of asrcsol dispensing container 23 of genarally
cylirdrical shape is housed within the pain body of the

device. The 1 -_N i 4 has 8 stes 40 vhich
contains an asrosol dispensing valve (not shown). The bore 1S
of a ped 1 16 lo the 4 is such thet it forms an

airtight séal on the stan 40 of the sarosol dispensing
container 25. A shonlder 435 linits and locates the position
of the stes ¢0, vhich in turp locates the sereso} dispensing
cantainer 25 in position in the cain body 400. A passage 30

extends fron ths bere 15, contimuing fres ths shoulder 4S to
inter vith a ¢f ing nozzle 5S.
The ita end of the pensing container is contained

vithin & slesve 420 of slightly snaller cross eoctisn to the

main body 400. The longitudinal axis of both the sleeve 420
and pain body 400 is gemarslly coaxial. The slesve is
slidadle vithin the innor vall of ths pain body to sllov free
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invention can be used vith s dry powdar drug dalivery systen
dioposod within said housing, in wvhich 2 dose of powdered
pedicacent is dispensed by said system into an afir flov in
said housing created by inhalation at an outlst nozzle
associsted vith the housing.

In sobe arrangessnts sccording to the invention for uss
with an serosol digcpensing container or & dry powder dalivery
oystsm, the bousing may include a slidable innar aleeve for
enclosing the top portion of ths nain body of the amerosol
containst or ths dry powder delivery systen vith the depending
merber beiny associsted with the inner slesve, wvith the
indaxing oDember being carried on the slesve. This inner
slesve is preferably arTanged to ferm one end of a gas tight
piston cylinder, bellows or diaphrzgm, such that movement of
the inner slesva will result in an increase in the enclosed
wvolune within the piston cylinder, bellovs or diaphragn
producing a vacuus or lov preasure volupe to forn the

resisting torcs ble of pr ing the ion of the
drug delivery systen.
A 4 braath ing releass peans cozprises &

movable vans mechaniss. A valve seal is preferably attachsd
to satd vans, such that on inhalation the vans coves froo its
rest position closing said inlet mesans to its actuating
position, thus noving the valve ssal out of contact vith the
valve port, causing the cpening of ths valve to releass the
aforesaid resisting force. The vane pechanise is preferadbly
dynanically belanced, and may ba bisssed tovards its closed
position, 6.g., by a spring.

Air inlets into the housing may take tha foro of slots in
an upper £nd wall of said housing.

The nedicadent may be & drug per ss or in any form of
carrier, e.g., including a powder or s gsseous corrier.

Preferably the actuating oeans act on ths aforesaid inner
placve, and are resst by causing tbe inner sleova neaber to
pove in said opposite direction.

Preferzbly n cover for an outlet noztle of the housing is

on the 4 and a can f{ormation on the

WO 953724167 PCT/GB93/01064

passage of sir in the main body past the slesve. The sleave
420 may be held in place by connectlon with a diaphragn 440
held in cannection vith the top of tha main body 400, as will
now bo described. Thus, the sleeve 420 effectively hangs from
the top of the pain body. .

One end of an e.g., poulded flexible diaphragn 440 (as
indicated in Pigure 2€) cumprising e rigid disc-1ike sectiocn
441, a flexible generally cylindrical wall section 445 and a
stiffer anmular connector flange 447. The sleeve 420 has &
cooperating eonnular comnection flangs 450. An annular
U-section clip 470 snaps over the flanges 447 and 450 to hold
them togsthar in an sir-tight manner. A further lip 418 on
tha clip provides a smg tit for ons end of a coupression
spring €60. The conpression spring is thus located and free
to act on the slesve. The othar end of the corpression spring
is located by an snsular flange of a predosinantly cylindrical
flanged insert 480 housed in the top soction ¢f the main body
400. This insert includes s groove 485 into which the disc-
1ike scction 441 of the flexible diaphragn 440 is snap-fitted.

mmpaotmtﬂpm(mlno!mclusdudn!m
slseve to conforn to the internal shaps of ths djaphragn such
that in the rest (preactusted) position of the inhalar
(Pigure 2A) the tvo surfacas are in close proxinity, and the
enclosed space betveen then vary snall.

The cylindrica} ingert 480 is retained in place by the
cﬂapco'lu:pthlngmwpnotmuhhoﬂyloo of
the device. This forms & chanber 590 betwesn tbe air inlet
slots 419 and the rigid part 441 of the diaphragn. Tbe
chanber is provided with one or tsore air pathvays 580 such
that air msy pags frem the air inlet slots 419 to the
peuthplecs 40S. The rigia disc-lixe secticn 441 of the
dinphrago also includas a gnald valve port 493 which is
norpally covered by a diephrage valve saal 540 houssd in #
wvane 550 pivotally ecormacted to tha insert 480,

The vana 550 in its rest positien divides the chanber 550
betveen ths air inlets 419 and the sir pathvays 330 that 1link
to the southpiece such that it pay cove fron its rest position
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by neans of upnmxoambotveenm-lr inlets and the
oouthpiecs. On Dovepent Of the vana to the actusted position
{Pigure 2C) the valve seal 540 is moved sufticiently to open
the valve port 495, The vans 550 may be biassed closed by o
1lignt spring flexure, a weight or a magnet not shown.

As shown in Pigure 1, ths lover end of the pain body has
» moulded sectian 300 beneath tho mouthpiece 403 to which a
dust cop 45 pivotslly connacted. A canm 520 is integrally
forved on each side of a dust cap 510, ¢na cn each side of the
noulded secticn 500. An annular yoke penber 425 is secured to
the lower end of the slssve 420 and has a pair of downwardly
depending legs 530, the lower ends of which act on tha cans
$20 such that vhen the dust cap is in the closed position the
inner slseve is forced by the can follower to its upparmost
position.

When the dust cap is rotated to its open position the can
protile is such that the can follower is fres to xove
dowvrvards by on snount gufficient to allow actuation of the
devica. M

In its vest position (Pigurs 3A) the dust csp 510 is
clossd, the legs S30 of the yoke Denber restroin the inner
slegve 420 in its uppermost positicn such that the enclosed
space pped b the diap 440 and the top surfacs
422 of the inrer sleeve is at a plnizun and the epring ¢60 is
conpresssd. The valve port 495 is closed by the valva saal
540 and the alesve 420 is clesr of the top of the aerosol can
23 vhich is thus unloaded.

The dust cap 1o opened rutating the integral can 520
allowing the can follower 530 to drop by an initial anount of
Aownvard zovesent. Tha inner slesva {5 forced downwards under
the action of the spring 460. As the inner sleeve moves

" dowmvards tha enclosed volune betwean the diaphragn 440 and
inner sleeve is incressed. Sinca the valve port 495 is closed
this crestes s lov pressura voluss or near vacuum in the space
600 than defined batveen the upper surface 422 of the sleave
420 and the diaphragn 440. The effect of the pressure
differential between the enclosed volune 600 and atmospheric
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1

breathes in. Thus the patient inhales air vith s nstared dose
of pedicanant.

After the inhalation of the doss by the patient, thes dust
cap 510 is returned to its closad position. Thnis rotates thas
can 520 and causes the legs 530 of the yoke 425 to be forced
upvards. This in turn acts on the inner slesva 420 moving it
upvards to cozpress the spring 460 and to closs the spacs
betveen the disphragm 440 and the inner slesve top surfacs
432. This forces air out of that space, vhich sscapas through
the valve port 495 1ifting the valve seal $40. BSince the
valve seal is cnly lightly biassed to its closed position ft
P 1ittle b to air flow cut of the enclosed
spacs. The serosol can is fres to return to the rest position
under the action of its own asroscl valve spring.

In use the patient loads the aerosol dispensing contalnsr
into the main body. The aerosol container may be 1ceded by
torning the main body 400 in two separable parts 350,360,
which are joined by 2 threaded coupling. When the upper part
350 of the main body ¢00 has besn unscroved, the sarcsol can
be insorted. The upper part 350 can then be replaced locating
the inner sleeva 420 over the top end of the can, and ths
device is ready for uss. As dascribed previcusly, the dsvics
could be canufactured 43 & sealed unit.

The construction and oparstion of ths inhalation device
is also dascribed in W0 93709323, to vhich refersnce should be
tsds for further dstails.

he irhslation device is provided with a dose Indicating

s in with the pr invention. The upper
pert 407 otmuhm&w«att&-mlub!mﬂmn
vieving vindov 300 through wvhich punbers or other dose
indicatjon parkings providsd on a rotary rinmg 101, can be
viewed. The ring 101 is located in annular recess dstined in
tha upper body part 407.

The ring 101 is formed st its uppar end vith a sst of
intarnal. axinlly inclined ratchet testh 103.

The ring 101 {s rotaticnally indexed, in the direction of
the arrov in Pigure 3, by & predsternined anount, each tine »

WO SV24167 PCT/GB9/064

pressure ic such that the inner slesve tends to resist the
sction of the spring 460. As the inner slesvs coves dovmvards
it contacts the asrcsol can 25 and begins coxpression of ths
asycscl valve (not shownm).

Downvard novenmsnt of the innsr sleove 420 vill continue
until there is & balance of forces between the coxpressive
forcs in the spring. 460 and resisting forces created by the
preasure differential and coupression of the aerosol valve.
This represents the cockod position shown in rigure 23. The
gecnatry of the device is arrangsd such that this balance
occurs bafore the aerosol valve has besn sutficiently
coapressed to nctuate {t.

A typical serosol requires sbout 20M force to actuate.
The spring ¢60 should accordingly provide & greater force,
preferably 103 to 50% greater.

It Day also be possible to arrange for the balance of
forces to taks place befors the inner slesvs has contacted the
sarcsol can, such that the spring force is balanced by the
resisting force produced on the inner slesve by virtus of the
pressure differential.

on inhalation by the patient through the pouthpiece 403,
a small pr dif ial is d the vans S50
which is pivoted tovards ons snd. The pressure differantial
causes the vane to nove from the rest positicn to the actuated
pesition. The vana and design of the air pessageway 580 in
the chanber $90 are such that in the actuated position air can
flov freely from the air fnlets 419 to the petient.

The novasent of the vane 550 causes the valve seal 340 to
be moved ocut of a sealing position with the valve port 495.
Opening ths valve port allevs air into the space dafined
betwaen the diaphragn 440 and inner slesve 420 such that the
enclosed SpECe resches pheric px This an
i{nbalance cf forces acting on the slesvs 430 and the container
25. The sleave and the container ares thus forced downwards
(Pigure 2C) by the spring 460 resulting in the relense of &

d dose of i through the dispensing nozzls 5§
and into the pouthplecs st the sans tine as the patient
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dcze is dispansed fron the aerosol contsiner 23. This 1is
schieved by providing an indexing benber 109 on the sleave 420
to P with the i 1 testh 103 on tho ring 101. The
mepher 109 15 mads of a strip of a suitabla resilient
paterfal, e.g., spring stesl, and bas a flat hass portion 108
secured to the cutar wal) of the slesve 420. Tha fres edge of
mmxpummxymmmutmmw
pember 109 which is also inclined vith respect to ths axis of
.the ring 101. A rectangular portion 107 is cut out of the
flexible arn porticn connecting the indaxing member 109 to the
base portion 108 so the connecticn is made by upper and lowar
1linbs 105,108. This construction producas a resilient support
structure for the indsxing ocembar 109 which is torsionally
relatively rigid but is relatively flexibla along its length.
In this vay ths indexing pember can readily flex radlally
imardly of the ring 101 during each retwn stroke, as
described belaov.

The teeth 103 and the indaxing face 310 of tho nambar 109
are sinilarly inclined to the axis of ths body part 400. When
the sleave 420 is poved dovnwardly sufficiently to dispenss s
doss fres the aercsol container 25, the indexing nember 109
moves to its jover pesition as shown in Pigure 4, theredy
causing the indicating ring 101 to index by a predsternined
increnent to changs the dosa nunber displayed in the window
100.

In proctics, vith the indexing menbar 109 at its
appercost position, there is a snall acount of play between
the neaber 109 and the tooth 103 with which it 1s engaged.
This play is taken up over an initial povenent of the slesve
420 as the bresth actuating neans is sst on opening the cover
510, as described above. This accounts for an initial struka

of adout 1 €D of tha of the 1 ing cenbar 109.
When the davice is triggered by inhalation ot the
4 403 to di » dose of nedi T, the indexi

nsnhul(nu::plctulumnetumldn. At the end -
of its stroke the indaxing member 109, vhich has & baight of
abost 8 ma., remains still engeged vith the testh 101, as
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indicated ip Pigure 4. On tho roturn stroke, the indexing
menber 109 f£irst engages the next inclined tooth 103, and then
resiliently rides over that tooth to engage in the gap behind
that tooth, ready for the next indexing operstien. Ths
indoxing Dembar at the boginning of its stroke is engaged vith
the teath 103, vhich have & depth of about 2 ma, over a
dajstance of about 3.5 mo-

As the yoks 425 is lifted to reset the device, by cloning
ths nouthplecs covar 510, the indaxing member 109 flexas
radially inwardly of tho ratchet teeth 103 on the ring 101
until, in its upper position, it engages in the next notch
dstfined between tho testh 103 ready for a subseguent indexing
cperation.

1t will be appreciated that the dose indicating mechanisn
is only actunted vhen the inner slesve 420 roves dcvnvards
sufticiently to cause a doss to be di d fron the )]
25. Therefars rarely opening the i cover 810 to
reach the cocked position (Pigure 2B) vill not cause the dcse
indicating mechaniss to be indexed.

Noreover a gap 600' is formed in the set of teath 103 so
that after ths maximun mmber of dasas have besn dispensed
fron the asrcsol can 25 the indicating ring 101 {s no longer
indaxed Dy the indexing Sezber 309. At this point an “enpty”
ingication could be shown in the vindow 100.

The dsvice nay also be provided with a msans such that it
will pot operats balow a certain predsterninsd air flow rats,
@.9., 10 to 30 litres per aimite. In cne enbodinent the vane
550 will bs biassed by a spring such that the predsternined
minimun air flov is necsssary far it to nove to its actuated
pesition and enable tha valve seal to open.

The ?nn body ©f a dispensing device is prefersbly

4 fren a plastic such as polypropylens, 8cstal or
mculded polystyrena. It may bovever be manufactured from
metal or other suitable matarial.
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s0 that it can sovs invaprdly of the teeth (103} when poved in
said opposite axial direction.

4. A Olspensing devico according to Clain ) vherain a
predsternined nuxber of testh (103) are provided so that said
indexing member (109) disengages tharefroa After 3
corrasponding nusber of indexing operationa of said indicating
elevent (101) vhich then gives an empty indication on said
sectios thereof visible fron outsida tha housing.

S. A dispensing davice ing to Claim 3 vherein
sald indexing mezber (109) is carried by a comnecting portion
(105,106) wvhich is attached to said part (420) and is
resiliently biasssd tovards said teeth (103).

6. 3 dispensing device according o Claim § vherein
sald connecting portion fs oade of s resilient paterisl so as
to bias the indexing pember tovards said teeth (101).

7. A dispansing davics according to Clals 3 vherein
said connecting portion comprises two spaced apart resilient,
coanecting licbs (103,306).

8. A dispansing devics according to Clain 1 vherein
said pctuating peans cocprise 8 loading nenber (420) for
engaging said end of the nedicasent dslivery systen (25), said
indexing cenber (109) being carried by said loading meber,
means (460) to lcad said loading member {420) to actuate said
cedicanent delivary systen, ceans (440} to restrain said
loading neans (46), and peans (330) to releass said
rastralning means (440).

9. A dispensing device according to Clain 8 wherein
sald restraining neans (440) coprise ooans tor applying a
resisting pnousatic force capabls of preventing said losding
Deans (4860) fron actuating the pedicansnt delivery systam
(23).

CLAINS

1. A dispansing davics for use vith a bpedicament
delivery systen (25) vhich can be actuated to deliver discrete
doses of oDedicament, the dispensing device comprising s
housing (400) for receiving the nedicament delivery systes
(25), the housing baving an inhalation pozsle (405) and & dose
indicating device comprising an anmler or arcuate doss
indicoting elemant (301) rotatably mountsd in the housing
(400) vith a section of the indicating elemcnt being visible
from cutside the housing, and an indexing member (109) movabls
on discharge of a dose of medicasent to indax the indicating
alanant (101) § 1y, ized i{n that actuating
means (420,440,460,550) are provided in the housing for acting
on an end of o medicament delivery systen (25| remote frma
gald nozzle (403), to causs dispensing of doses of pedicanent;
in that ths indicating elament (101) is lecated in ths housing
arcund a part (420) assoclated with the actuating eans and in
that the indexing msmber (109) is carried by sald part (420)
ger rovement in cne axial directicn through the indicating
olement (101) on actustion of the medicament delivery oystem
and in the opposits axial direstion for resetting the
sctuating msans, with the indiceting element being
incr 11y 4 on ocach of the indexing pesber
(109) in said one direction only.

2. A’ dispensing davice according to Clain 1 wherein
said actuating neans (420,440,460,350) are bresth-sctuated, cn
inhalation at said nozzle (40S).

3. A disp ing devi to Claim 3 in the
indicating element (101) has internal testh (103) wnich are
engaged by the indsxing mezber (109), the testh (103) and the
engagenent portion of the indaxing oeaber (108} being inclined
with respoct to tha axis of rotation of the indicating menber
(101), and the indexing sasber (109) being resiliently mounted
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30. A di 1 i ing to Clain 3} wherein e
cover (510) for said nozzle (405) of the bousing is pevably
pounted on the housing, and s cam forsstion (520) on the cover
(510) cooperates with the lower end of a depending cvexber
(330) sssociated with maid part of the actuating Seans such
that, wvhen the cover is clessd, the dapending amnber coves
uxamummmmmwnmum
said indexing pember (109) in said axisl direction.

11. A dispensing device according to Clain 1 in
conbination with a drug dslivery system in the fors of an
aeroscl dispensing container {25) baving & valve capable of
being actunted to releass a pstersd swount of the pressurized
asrosol contents.

12. A dispsnsing device accomiing to Clainl in
combination vith a dry powder drug delivery system disposed
within said housing and adapted to di whan a
dosa of powdared pedicanent into an air flow in said housing
crested by inhslation at said nozile {403).
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